The characteristics of fundamental shear-horizontal acoustic waves in structure “nanocomposite polymeric film-vacuum gap-piezoelectric plate”  by Kuznetsova, Anastasia S. et al.
Available online at www.sciencedirect.com
Physics Procedia 00 (2009) 000–000 
www.elsevier.com/locate/procedia
International Congress on Ultrasonics, Universidad de Santiago de Chile, January 2009 
The characteristics of fundamental shear-horizontal acoustic waves 
in structure “nanocomposite polymeric film-vacuum gap-
piezoelectric plate” 
Anastasia S. Kuznetsova, Iren E.Kuznetsova*, Boris D. Zaitsev 
Institute of Radio Engineering and Electronics of RAS, Saratov Branch, Saratov, 410019, Russia 
Elsevier use only: Received date here; revised date here; accepted date here 
Abstract 
Recently it has been shown that SH0 wave in structure “piezoelectric plate-nanocomposite polymeric film with Fe nanoparticles” 
is characterized by the low TCD (~15 ppm/C) and high value of K2 (~32%). However in the case of the acoustical contact of 
polymeric material with the plate such structure possesses significant attenuation of the acoustic wave (~1dB/Ȝ). In order to avoid 
this effect it was suggested to use the structure containing the gap between the polymeric film and plate. As the result of 
theoretical analysis the dependencies of SH0 wave velocity versus relative thickness of vacuum gap were obtained. It has been 
found that there exist such values of gap and dielectric permittivity of the nanocomposite material when the value of TCD of SH0
wave significantly decreases. At that the attenuation connected with the dissipation factor is practically absent. 
PACS: 77.65.Dq; 82.35.Np 
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1. Introduction 
As is known for the development of the acoustoelectronic devices the electro-mechanical coupling coefficient 
(K2) and temperature coefficient of delay (TCD) of acoustic wave have a great importance. In this connection one of 
the modern lines of the investigation in acoustics is the search of such wave types and crystallographic orientations 
of the wave-guides for which the value of K2 is maximal and value of TCD is minimal. Such combination of the 
parameters is necessary for the development of the high effective thermo-stable devices. At present there exist the 
papers showing that fundamental shear-horizontal (SH0) acoustic waves in thin (in comparison with wavelength) 
piezoelectric plates possess significantly more electromechanical coupling coefficient than the surface acoustic 
waves (SAW) in the same material [1]-[3]. For example, it was shown that SH0 wave has K2 = 34% for hf = 500 m/s 
in YX LiNbO3 plate (h = plate thickness, f = wave frequency). In this case although the value of TCD (66 ppm/C) 
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[4] is less than TCD of SAW (88 ppm/C) this is not enough for the development of the thermo-stable devices. Thus
the problem of decreasing TCD with the high value of K2 has the practical significance.
It is known that the velocity of SH0 wave in the piezoelectric plates always decreases when the temperature
increases. From the other hand it has been found that the velocity of SH0 wave in the plate always increases when
the dielectric permittivity of the contacting medium decreases. So if the permittivity of this medium decreases with
increase in the temperature the velocity of SH0 wave in the structure “piezoelectric plate – dielectric medium” may
also increase with the rise of the temperature. This may allow significant reducing the TCD of SH0 wave
propagating in such structure. The possibility of reducing the TCD of SH0 wave by using as contacting media the
specific liquid (butyl acetate or chlorbenzol) was theoretically and experimentally shown in [5]. However the
making such structure and maintenance of the devices developed on its basis meet with some technological
difficulties. In this connection the search of the material characterized by the specific dependence of the dielectric
permittivity versus the temperature has been carried out. Investigations showed that as such material the
nanocomposite polymeric films with various content of Fe nanoparticles can be used.
Recently it has been shown that SH0 wave in the structure “piezoelectric plate-nanocomposite polymeric film
with Fe nanoparticles” is characterized by the low TCD (~15 ppm/C) and high value of K2 (~32%). However in the
case of the acoustical contact of the polymeric material with the plate such structure possesses significant
attenuation of the acoustic wave (~1dB/Ȝ) [6]. This may be explained by the high value of the viscosity of the
nanocomposite material. In order to avoid this effect it was suggested to use the structure containing the gap
between the polymeric film and plate.
Thus, in this paper the theoretical analysis of the influence of the temperature on the velocity of SH0 wave in the
structure “thin piezoelectric plate-vacuum gap-nanocomposite polymeric film” has been carried out.
2. Theoretical Analysis and Results
2.1. Main Equations and Boundary Conditions
Fig.1 Geometry of the problem.
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The geometry of the problem under consideration is shown in Fig.1. Wave propagates along the x1 direction of a
piezoelectric plate bounded by the planes x3=0 and x3 = -h. The nanocomposite polymeric film is bounded by planes
x3 = d and x3 = h1. We consider that this film is viscoelastic, nonconductive and isotropic. The regions x3 < - h, 0 < x3
< d, and x3 > h1 correspond to the vacuum. We consider a two dimensional problem in which all field components
are assumed to be constant in the x2 direction. For analysis of the wave propagation we used the motion equation,
Laplace’s equation, and the constitutive equations for the piezoelectric medium and polymeric film [6]: 
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Here Ui is the component of mechanical displacement of particles, t is time, Tij is the component of the 
mechanical stress, xj is the coordinate, Dj is the component of the electrical displacement, Kijkl is component of
viscosity, ) is the electrical potential. The index f denotes that the appropriate variable refers to polymeric
nanocomposite film. Because the considered nanocomposite film is viscoelastic the equation (5) shows that the
effective elastic constant is complex and its imaginary part is equal ijklZK  for the harmonic waves.
The influence of the temperature was considered in the following way. It is known [7] that elastic ijklC ,
piezoelectric
'
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'
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, and dielectric ' constants and density U' of piezoelectric material at the temperature T may be 
respectively expressed as: 
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Here , kij, jk  and U are the elastic, piezoelectric, and dielectric constants and the density of piezoelectric
media at the room temperature T
E
ijklC e
R=20C, respectively; ,  and 
T  are the temperature coefficients of material
constants, D
T
ijklC Tkije jkH
ij is the coefficient of the thermal expansion.
Outside of the structure, in the regions I, II, and III, the electrical displacement must satisfy the Laplace’s
equation:
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where jj 0 ,
IID )w H xw jj 0 and
IIII xD w)w H j
IIIIII
j xD w)w 0H . Here, H0 is the permittivity of vacuum,
indices I, II and III denote that the values refer to regions x3 < - h, x3 > h1, and 0 < x3 < d, respectively.
Acoustic waves propagating in aforementioned structure must also satisfy the mechanical and electrical boundary
conditions:
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Here i=1y3, h, h2, and d are the thicknesses of the piezoelectric plate, nanocomposite film and vacuum gap, 
respectively. Substituting the solution as the plane inhomogeneous wave in equations system (1) - (3), (4)-(6) and
(11) yields the systems of the ordinary differential equations for each aforementioned media. The numbers of the
equations are the following: 8 for the piezoelectric plate, 6 mechanical and 2 electrical for the nanocomposite film
and 2 electrical for each vacuum regions [5]. At first the phase velocity (V) is considered as the unknown parameter
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of these systems. This allows finding the eigenvalues and eigenvectors as the functions of unknown velocity and 
writing the matrix of boundary conditions by using (12) - (15). The sought value of the phase velocity is that value 
for which the determinant of this matrix is equal zero.
When we have defined the value of the velocity it can be found the temperature coefficient of the phase velocity
(TCV) and delay (TCD). The expressions for the TCV and TCD have the following form [7]:
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We used the material constants of lithium niobate and their temperature coefficients from [8] and [7],
respectively. The material constants of the nanocomposite polymeric films containing Fe nanoparticles have been
measured by the authors previously in [9]. These constants are presented in the Table 1. Moreover the authors
measured the temperature dependence of dielectric permittivity of the used nanocomposite films. These data is also
presented in the Table 1.
Table 1. Parameters of Nanocomposite Polymeric Films Containing Fe nanoparticles
Hii/H0% U, kg/m3 C11, 108
Pa
K11,
Pa*s
C66,
108 Pa
K66,
Pa*s
100C 200C
0 879.5 16 24 1.4 2.9 2.32 2.29
2 884.1 23.2 24.6 2.6 2.2 2.21 2.16
5 918.6 20.1 6.2 2.8 2.3 2.39 2.32
7 972.6 17.8 4 3.4 2.4 2.27 2.20
12 993.7 15.1 7.6 3.5 1.1 2.33 2.29
15 991.3 14 4 3.4 0.7 2.43 2.39
17 986.6 12.8 11.3 3.0 1.3 3.20 3.17
20 1052 10.2 17.6 3.3 1.1 2.66 2.61
3. Theoretical Results 
As a result of the conducted calculation the velocity and TCD have been found for SH0 wave propagating in the
structure “piezoelectric plate – vacuum gap –nanocomposite polymeric film”.
Fig. 2 shows the dependencies of the velocity (a) and TCD (b) of SH0 wave propagating in the structure “Y-X
plate of lithium niobate – vacuum gap - nanocomposite polymeric film” on the parameter d/h. At that the thickness
of film h1 = 0.1h.The nanocomposite polymeric film contains 15% of Fe nanoparticles. One can see that with
moving away the nanocomposite film from the piezoelectric plate the velocity of SH0 wave increases and reaches
the value of the wave for the electrically open plate surface. It has been also found that with approaching the 
nanocomposite film to the surface of the piezoelectric plate the temperature coefficient of delay decreases and the
wave attenuation is absent. However the value of the change in the TCD is not enough for the development of the
thermo-stable structure.
In this connection the influence of the temperature on the characteristics of SH0 wave in the structure
“nanocomposite polymeric film – vacuum gap - Y-X plate of lithium niobate – vacuum gap - nanocomposite
polymeric film” has been studied. Fig. 3 shows the dependence of the TCD on parameter d/h at the fixed relative
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value of the second vacuum gap 0.001. It can be seen that in this case the change in the TCD is two times more than
for one vacuum gap. However in this case the value of the TCD also does not reach zero level. 
Fig.2  The dependence of the velocity (a) and TCD (b) of SH0 wave propagating in the structure “Y-X plate of lithium niobate 
– vacuum gap - nanocomposite polymeric film” on parameter d/h. At that h1 = 0.1h.
Then the search of the temperature dependence of the dielectric permittivity of the nanocomposite material
needed for zero value of the TCD was performed. It has been found that the zero value of the TCD may be reached
for the structure with two nanonocomposite films separated by vacuum gaps if the temperature rise of 100C
decreases the permittivity of films on 6%. Fig.4 presents the dependence of TCD on the parameter d/h at the values
of the dielectric permittivity of the nanocomposite material 4.26 and 4.0 under T = 100C and 200C, respectively. 
Accordingly for one nanocomposite film the decrease in the permittivity with the aforementioned rise of the
temperature must be equal 12%.
Fig.3 The dependence of TCD of SH0 wave propagating in the
structure “nanocomposite polymeric film - vacuum gap - Y-X plate 
of lithium niobate – vacuum gap - nanocomposite polymeric film”
on the parameter d/h. The relative value of the second vacuum gap
is equal 0.001.
Fig.4 The dependence of TCD of SH0 wave propagating in structure
“nanocomposite polymeric film - vacuum gap - Y-X plate of 
lithium niobate – vacuum gap - nanocomposite polymeric film” on 
parameter d/h. The values of the permittivity of the films are equal 
4.26 and 4.0 under T = 100C and 200C, respectively
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4. Conclusión 
As the result of theoretical analysis the dependencies of SH0 wave velocity versus the relative thickness of the 
vacuum gap were obtained. They show that when vacuum gap increases the wave velocity increases and reaches the 
value of the wave velocity in the mechanically free piezoelectric plate. This is connected with decreasing the 
effective permittivity of the structure when the film moves away from the piezoelectric plate. Moreover, it has been 
found that with decrease of the vacuum gap the value of TCD of SH0 wave decreases. At that the attenuation 
connected with the dissipation factor is practically absent. We have also found the temperature dependence of the 
permittivity of nanocomposite film provided zero value of the TCD of the structure.    
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